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Abstract 
The energy released by Active Galactic Nuclei (AGN) in the form of radiation, winds or radio plasma 
jets, is known to impact on the surrounding interstellar medium.  The result of these processes, 
known as AGN (negative) feedback, is suggested to prevent gas, in and around galaxies, from 
cooling, and to remove, or at least redistribute, gas by driving massive and fast outflows, hence 
playing a key role in galaxy evolution. Given its importance, a large effort is devoted by the 
astronomical community to trace the effects of AGN on the surrounding gaseous medium and to 
quantify their impact for different types of AGN. This review briefly summarizes some of the recent 
observational results obtained in different wavebands, tracing different phases of the gas. I also 
summarise the new insights they have brought, and the constraints they provide to numerical 
simulations of galaxy formation and evolution. The recent addition of deep observations of cold gas 
and, in particular, of cold molecular gas, has brought some interesting surprises and has expanded our 
understanding of AGN and AGN feedback.  
1 Introduction: AGN and feedback 
AGN are fascinating objects. Since more than 50 years, astronomers have studied the effects of the 
extreme processes and the conditions that they cause. The huge amounts of energy released by the 
active super massive black hole (SMBH) can have an impact on the life and evolution of their entire 
host galaxy. This has made AGN relevant for an even broader community of astronomers. What is 
now commonly called AGN feedback has become a key ingredient in simulations of galaxy 
evolution. AGN feedback is the (self-regulating) process which links the energy released by the AGN 
to the surrounding gaseous medium and in this way, impacting on the evolution of the host galaxy.  
The energy injected by the AGN can provide the mechanism, either by preventing the cooling of gas 
or by expelling gas from the galaxy, to quench star formation (thus limiting the number of massive 
galaxies) and to limit the growth of the SMBH. Thus, it helps explaining key observations in these 
areas obtained in the recent years (e.g. Silk & Rees 1998; Gebhardt et al. 2000).  In addition, the 
energy dumped in the environment of the AGN affects the fuelling of the nuclear activity itself, 
thereby regulating its duty-cycle.  
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AGN feedback is now included in many theoretical, numerical and semi-analytic models (e.g. 
Kauffmann & Haehnelt 2000; Di Matteo et al 2005; Schaye et al. 2015, Sijacki et al. 2015). The goal 
of the observations is to provide constraints to help a realistic implementation of feedback effects in 
these simulations. This is still a challenging task. As described below, the results from the 
increasingly accurate and deep observations have shown how complex these processes are.  
Interestingly, the study of AGN in the context of their feedback effects has brought a number of 
unexpected discoveries (some of them described in this review) about the physical conditions of the 
gas in the surroundings of an active nucleus.  Given its complexity, the treatment of feedback in 
numerical simulations is still extremely difficult. However, the implementation is becoming more 
sophisticated and reaching the stage where observables can be extracted from the simulations and 
compared with observations.  
This review will concentrate on recent results from observations at low redshift and will focus on 
negative feedback. The energy released by the AGN and the related feedback effect can operate on 
very different distances from the central, active SMBH and can be traced by different phases of the 
gas. Particular emphasis will be given to the new information provided by the cold molecular gas. 
The review starts by summarising some of the results on the impact of the radio plasma on the hot 
and cold gas distributed on large (many tens to hundreds of kpc) scales. A more extended part of the 
review is dedicated to outflows occurring in the inner regions (kpc-scale). The mechanisms that may 
drive these outflows and their effects on the ISM are discussed. Finally, two examples of the 
diversity of mechanisms obtained thanks to multi-wavelengths observations will be presented. 
It is impossible in this short paper to do justice to all exciting results. However, several other reviews 
have extensively covered various aspects and results of AGN feedback (see e.g. Cattaneo et al. 2009, 
Fabian 2012, Alexander & Hickox 2012, Harrison 2017) and the reader can refer to them for further 
information.  
Before entering the description of the results from observations, it is important to note that, to first 
order, there are two modes in which AGN feedback can operate and they depend mostly on the type 
of nuclear activity (see Fabian 2012, Alexander & Hickox 2012, Harrison 2017 for reviews). 
Examples of manifestations of these modes are described in Sec. 2 and 3.  
The quasar (or radiative) mode is mostly associated with high luminosity AGN, i.e. those emitting 
close to the Eddington limit, where most of the energy is released by radiation (or a wind) from the 
accretion disk but where also radio jets can play a role. The release of energy drives gas outflows 
expelling gas from the galaxy. The jet (or kinetic) mode is, instead, considered to be dominant in 
low-power AGN where the radio plasma provids the main source of energy, preventing the gaseous 
atmosphere from cooling back into the galaxy. While in the most extreme cases - high luminosity 
AGN and cool-core clusters – the separation between the two modes can be clear-cut, in other more 
intermediate situations, and for the most common types of AGN, the separation may not be always so 
sharp. Multi-wavelengths observations are often needed to recognise and disentangle different modes 
of feedback. Furthermore, the luminosity (or radio power) of the AGN is not the only parameter 
defining the impact. The coupling between the energy released and the medium is important 
(Tadhunter 2008, Alexander & Hickox 2012) as well as the duty-cycle of the activity (Fabian 2012, 
Morganti 2017). 
2  Feedback on large (tens of kpc) scales: radio lobes and X-ray cavities  
The most clear observational evidence of the impact of the nuclear activity on the surrounding 
medium comes from X-ray and radio observations, in particular in gas rich cool-core clusters 
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(McNamara & Nulsen 2007, 2012 for reviews). X-ray images have revealed giant cavities and shock 
fronts in the hot gas, often filled with radio plasma lobes. The spatial coincidence between these 
cavities and the emission from radio lobes, suggests that the hot gas has been displaced by the 
expanding radio bubbles inflated by radio jets emitted by the central active SMBH. These studies 
have shown that the power associated to the radio jet provides the mechanism to offset radiative 
losses and to suppress gas cooling. They have provided a direct and relatively reliable mean of 
measuring the energy injected by the AGN (see McNamara & Nulsen 2007, 2012 for reviews).  
Given that the radiative cooling time at the centres of hot atmospheres in groups, clusters and 
elliptical galaxies can be short (ranging from < 1 Gyr to below 0.1 Gyr for the latter group), without 
this energy input, the gas would cool from the surrounding atmosphere. This will produce a large 
amount of molecular gas and star formation that instead is not observed in e.g. central cluster 
galaxies or any massive galaxy (Ciotti et al. 2017).   
X-ray cavities are detected in about 50% of galaxy clusters, groups and individual galaxies.  Their 
scales range from a few kpc to 200 kpc  and the associated cavity power typically balances (or 
exceed) the X-ray cooling in galaxy clusters and also in some isolated elliptical galaxies (see Fig. 1 
left).  Furthermore, from the combined X-ray and radio studies, we have learned about the energetics 
involved. The mechanical power of radio jets largely exceeds their synchrotron power, suggesting 
that even weak radio sources - both in clusters and in elliptical galaxies – are mechanically powerful 
enough, Cavagnolo et al. (2010). Thus, this phenomenon appears to be important even in AGN of 
moderate radio luminosity. This is important because these AGN are much more common compared 
to the high power radio sources. Finally, it is worth to underline that the effect of the radio plasma 
can be relevant also in sources outside large clusters, as demonstrated by the work on isolated 
galaxies (e.g. Nulsen et al. 2007, Cavagnolo et al.  2010). 
A small fraction (few %) of the most rapidly cooling gas in clusters is known to cool to low 
temperatures. This gas can provide the observed cold molecular gas reservoirs and feed the star 
formation in the central galaxy (Edge 2001, Salomé & Combes 2003). These initial findings are now, 
especially thanks to ALMA, expanded for more objects and they show a possible coupling between 
radio bubbles and cold gas. Fig. 1 (right) shows the case of the Phoenix cluster (Russell et al. 2017) 
where the extended filaments are draped around the expanding radio bubbles suggesting that the 
molecular gas flow is shaped by the radio-jet activity and possibly lifted by the radio bubbles.  In the 
case of this cluster, the smooth velocity gradient observed in the filaments suggests an ordered flow 
with the gas velocities too low for the bulk of the cold gas to escape the galaxy. This gas will 
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eventually fall back toward the galaxy centre: this further support the (short) duty cycle of activity 
observed especially for cluster radio sources (Hogan et al. 2015). An increasing number of ALMA 
observations of molecular gas at the centres of clusters have now shown this synergy, with cold gas 
filaments extending along the radio bubbles (Russell et al. 2014, 2017; McNamara et al. 2014; 
Tremblay et al. 2016). This close coupling is essential to explain the self-regulation of feedback.  
3 Effects of AGN on kpc scales: multi-phase gas outflows  
Quenching star formation and stopping gas accretion onto the SMBH can also be achieved by 
massive outflows that can expel the gas from the central regions of galaxies. AGN-driven outflows, 
observed from pc to kpc scales, are known since a long time. The recent observations confirm that 
they are a relatively common phenomenon. Historically, they have been traced using mostly the 
ionised gas, observed in optical, UV and X-ray emission and absorption lines (see Veilleux et al. 
2005, Bland-Hawthorn  et al. 2007, Tadhunter 2008, King & Pounds 2015 for reviews).  
However, the most recent view that emerges from the continuously improving observations and by 
new or upgraded facilities - in particular radio and millimetre telescopes - is that the gas outflows are 
truly complex and multi-phase. The discovery of massive and fast outflows of cold gas (HI and cold 
molecular, Morganti et al. 2005, Feruglio et al. 2010) has taken everybody by surprise. Thus, 
different phases of the gas take part in the outflows and, in order to get the full picture of their 
physical properties, multi-wavelengths observations are needed. An overview of what found in term 
of mass outflow rate and kinetic comparison for the various components of the outflows, is presented 
in Tadhunter (2008). This shows how important is to trace and measure all these components. 
Furthermore, to fully gauge the impact of the outflows, both detailed single objects studies (see Sec. 
5) as well as observations of large samples are required. Below we start with a summary of some of 
the main results obtained using the different gas tracers. 
 
 
Figure1  – Left: Cavity heating power (estimated as pV/ta, i.e. pressure, volume and age, see Nulsen 2009) plotted 
against the cooling power for objects ranging from luminous clusters, through groups, to nearby elliptical galaxies.  
The dashed lines represent the pV, 4pV and 16pV, from top to bottom;reproduced from Nulsen et al. (2009), with the 
permission of AIP Publishing).Right: CO(3-2) integrated intensity map for velocities 0 to +480 km s−1 in the Phoenix 
Cluster. The X-ray cavities are shown by the dashed white contours. Image taken from Russell et al. (2017), © AAS. 
Reproduced with permission. 
.  
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3.1 Ultra-Fast Outflows (UFO)  
X-ray and UV observations have had, from the beginning, an important role in tracing outflows using 
absorption lines from ionized gas (King & Pounds 2015,Costantini 2010, Crenshaw et al. 2003, 
2012a). About half of local Seyfert galaxies host a photoionized warm absorber (WA), which 
produces features detectable in soft X–ray (∼0.3-2 keV) spectra and in the UV band. The latter 
absorption lines are usually blueshifted several hundred km s-1 with respect of the systemic velocity, 
which indicates a global outflow of the absorbing gas with mass outflow rates in the range 0.01–0.06 
M⊙ yr-1. These values are often comparable to the mass accretion rate but they provide only a small 
fraction of the bolometric luminosity, i.e. Lkin < 0.1%Lbol(Costantini 2010).  Likely of higher impact are 
the highly ionized outflows with mildly relativistic velocities (i.e. v ∼ 0.1− 0.25c, where c is the 
speed of light) traced by highly blue-shifted X–ray absorption lines in the iron K band (Pounds et al. 
2003; Reeves et al. 2009, Tombesi et al. 2011, 2012). These ultrafast outflows are also known as 
UFO (Tombesi et al. 2011). A blind search carried out in archival spectra of the XMM-Newton 
archive has shown that they are present in about 35% of Seyfert galaxies. They differ from classical 
WA because of the higher outflow velocity and of the higher ionization. Indirect arguments indicate 
that their location is at sub-pc scales, i.e. ~ 0.0003 - 0.03 pc (see Reeves et al. 2009, Tombesi et al. 
2011, 2012 and ref. therein).  
Thus, these highly ionised flows are originated in the inner regions of the AGN outflows, and are 
likely driven by wide-angle winds launched from the accretion disks, accelerated by radiation 
pressure (e.g. Elvis 2000, King & Pounds 2003, Proga & Kallman 2004). Their mass outflow rate is 
in the range ~0.01 - 1 M
¤
 yr-1  and the mechanical power is between  ~1042 and 1045 erg s-1. These 
values typically correspond to >0.5% Lbol (Tombesi et al. 2012, King & Pounds 2015). Important is 
the connection with the large scale outflows: the UFO likely represent the inner wind, which would 
then drive the massive molecular outflow (see below) on larger distances (see e.g. Tombesi et al. 
2015, Feruglio et al. 2015, Veilleux et al. 2017), making them very relevant for feedback (see also 
Sec. 5). 
3.2 Outflows of warm ionised gas on kpc scales 
Outflows of warm (T ∼ 104 K) ionised gas have been 
observed in optical/IR lines and mostly traced, in low-
redshifts objects, by the strong forbidden emission lines, e.g. 
[O III] λ5007 (see also discussion in Zakamska & Greene 
2014). Outflows have been detected in ~30% of Seyfert 
galaxies (e.g. Crenshaw et al. 2003, 2007, 2012b), but they 
are common also in AGN of different luminosity selected 
from spectroscopic surveys (e.g. Zakamska & Greene 2014, 
Mullaney et al. 2013).  
Radiative winds are considered often at the origin of these 
outflows (see below). However, other mechanisms are 
also observed. For example, radio plasma jets are known 
since early studies to affect the kinematics of the gas (e.g. 
Whittle 1985, Holt et al. 2008, Nesvadba et al. 2008 for 
some examples).  Interestingly, a connection between the 
radio luminosity and the presence of outflows has been 
seen also in samples not selected based on radio 
properties and including radio weak   (L1.4 GHz= 1023-1025 
W Hz−1, Mullaney et al. 2013) or even radio-quiet (<1023 
Figure 2 Trend of the fraction FWHM of the  [O 
III]λ5007 lines for the AGN in Mullaney et 
al.(2013). The cyan line represents the entire 
sample while the red line illustrates that objects 
with FWHM > 1000 km s-1 are ≈5 times more 
prevalent among AGNs with L>1023 W Hz-1 
compared to the overall AGN population. The 
figure is based on data from Mullaney et al 
(2013) and that no permission is required as the 
figure is original. 
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W Hz-1, Zakamska & Greene 2014) objects. Figure 2 shows the trend found by Mullaney et al. 
(2013).  In such weak radio sources, the radio emission is typically small or confined to faint radio 
jets. In the case of the faintest objects, the radio may even be a by-product of the shocks associated to 
the outflows, as suggested by Zakamska & Greene 2014.   
The mass outflow rates associated with the outflows of warm ionised gas are usually found to be 
modest (at most a few M
¤
 yr-1). However, these values are affected by uncertainties, in particular on 
the density of the outflowing gas (Holt et al. 2011) and on the spatial extent of the outflows  
(Husemann et al. 2013). The latter is still a matter of debate. The outflows of warm ionised gas are 
seen to extent up to ~ 10 kpc in the sample studied by Sun et al. (2017). On the other hand, for a 
sample of low-redshift QSOs, Husemann et al. (2013) found signatures of outflowing (>400 km s−1) 
ionised gas on kpc scales only in 3 objects where a radio jet is most likely driving the outflow. These 
differences imply a wide range of energy efficiency for the outflows (e.g. η = Ė/Lbol = 0.01% − 30% 
estimated by Sun et al. 2017). It is also interesting to note the suggestion that outflows are driven by 
AGN episodes with ∼ 108-year durations and shorter flickers 106 yr (Sun et al. 2017).  
Finally, although outflows are common, it is worth notice that detailed work both with long slit and, 
more recently, with integral field units (IFU) shows that a complex interplay exists between outflows 
and infalling gas (e.g. Riffel et al. 2015), complicating in many objects the interpretation of the data. 
3.3 The surprising presence of massive outflows of cold gas (HI and molecular)  
The new “entry” in the study of AGN-driven outflows has been the discovery that a cold component 
of gas, i.e. in the neutral atomic (HI) and molecular (CO, OH) phases, can be associated even with 
fast outflows (with velocities ≥ 1000 km/s).  This discovery has challenged our ideas on how the 
energy released by an AGN affects its surroundings. This component is particularly interesting for 
two main reasons: its uncertain origin (see Sec 4)  - perhaps the result of a very efficient cooling of 
the gas - and its impact. Surprisingly, this component (and in particular the cold molecular 
component) has been found to represent the most massive component of the outflow.  
An extensive literature is available on the properties of these outflows: for the atomic gas by e.g., 
Rupke & Veilleux 2011, 2013; Lehnert et al. 2011; Morganti et al. 2005, 2013a, 2016; for the warm 
and cold molecular gas by e.g., Feruglio et al. 2010; Alatalo et al. 2011, Dasyra & Combes 2011, 
2012; Guillard et al. 2012; García-Burillo et al. 2014; Tadhunter et al. 2014; Cicone et al. 2014; 
Morganti et al. 2015a; and for OH by e.g., Fischer et al. 2010; Sturm et al. 2011; Veilleux et al. 2013.  
Figure 3 – Three examples of HI and CO integrated line profiles suggesting similar kinematical properties of the two 
phases of the gas. From left to right: NGC1266 (figure taken from Alatalo et al. 2011, © AAS. Reproduced with 
permission), IC5063 (figure taken from Morganti et al. 2013b, reproduced with permission © ESO) and 4C12.50 
(Figure taken from Dasyra & Combes 2010, reproduced with permission © ESO).  
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Figure 3 shows the intriguing similarities between the CO and HI profiles for three objects 
suggesting similar kinematics for these components. It is not yet clear how far this synergy extends, 
given the limited number of objects with HI and CO observations available.  
Using data from literature, Cicone et al. (2014) and Fiore et al. (2017) have shown correlations 
between the AGN-driven molecular and ionized-wind mass outflow rates and the AGN bolometric 
luminosity. The mass outflow rates of the molecular gas are systematically the highest, except for the 
most luminous AGN where the two rates appear to converge (Fiore et al. 2017). A correlation is also 
found between the momentum carried in the outflow (vdM/dt, where v is the outflow velocity) with 
the photon momentum output of the AGN, LAGN /c but with a “momentum boosting” of about a 
factor 20, suggesting an energy-driven nature of the outflows (see e.g. Cicone et al. 2014).  
Fast HI outflows are observed using HI absorption. The planned upcoming surveys (Morganti et al. 
2015b) make this method quite powerful for investigating the presence of these outflows in large 
samples. A proof-of-concept survey is presented in Gereb et al. (2015) and Maccagni et al. (2017a). 
Of the galaxies detected in HI, at least 15% show fast outflows (Gereb et al. 2015) with mass outflow 
rates between a few and ~ 30 M
¤
 yr-1.  The radio jets drive at least some of these outflows. In 
particular, young radio sources are those where the plasma jet has the strongest impact on the 
surrounding medium and where most of the HI outflows are occurring (Gereb et al. 2015). A possible 
correlation has been observed between the amplitude (in velocity) of the outflow and the radio power 
(Maccagni et al. 2017a). Finally, the presence of clumpy gas medium in the regions surrounding the 
radio sources may enhance the impact of the jet (as suggested by some simulations, see Sec. 4). The 
presence of such a clumpy medium (embedded in a diffuse component) is confirmed by the results of 
deep, high-resolution (VLBI) observations tracing HI clouds with tens of pc sizes (with cloud masses 
up to ~ 104 M
¤
, Morganti et al. 2013, Schulz et al. in prep). Molecular clouds are also traced by high 
resolution ALMA observations (Maccagni et al. 2017 in prep).  
4 Driving mechanisms and energetics of the outflows  
Different mechanisms have been proposed to drive the outflowing gas (see e.g. Veilleux et al. 2005, 
King & Pounds 2015). Wide-angle winds can be launched from the accretion disk and driven by the 
coupling of the radiation to the ambient medium through radiation pressure on dust. It is also possible 
to have a hot thermal wind (e.g., Compton-heated) colliding with and accelerating the ISM. Parsec-
scale jets can produce over-pressured cavities from which the wide-angled outflow can be launched. 
Alternatively, outflows can be driven by the mechanical action of the radio plasma emanating from 
the AGN (Wagner et al. 2012, Mukherjee et al. 2016).  
For powerful AGN, the scenario that has been suggested to better match the observations - in 
particular the presence of cold, molecular gas - is the one where winds launched from the accretion 
disk interact and shock the surrounding medium. This interaction can create an (energy-conserving) 
adiabatically expanding hot bubble. The adiabatically expanding wind sweeps up gas and drives an 
outer shock into the host ISM (Zubovas & King, 2012, 2014; Faucher-Giguère & Quataert 2012). 
The outflowing gas is able to cool radiatively into clumps of cold molecular material. This would 
explain the presence of fast outflows  (∼1300 km s-1) of neutral-atomic (HI, NaI D) and molecular 
gas  (Costa et al. 2017, Richings & Faucher-Giguère 2017). An alternative scenario to explain the 
fast outflows of molecular gas assumes that pre-existing molecular clouds from the host ISM are 
entrained in the adiabatically expanding shocked wind and they can be accelerated to the observed 
velocities without being destroyed (see e.g. Scannapieco 2017). 
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The role of radio jets is also relevant. In this case, the structure of the medium is playing an important 
role in defining the impact that the radio plasma jets can have (e.g. Wagner et al. 2012). Following 
the results of recent simulations, a jet entering a clumpy medium can have a larger impact than 
previously proposed. Numerical simulations of a newly created radio jet entering a two-phase clumpy 
medium (dense molecular clouds, i.e. a few hundred cm-3, embedded in a lower-density medium) 
show that the jet expands following a path of less resistance but still colliding with the gas clouds. 
This originates a cocoon of disturbed and outflowing gas around the jet, affecting a large region of 
the galaxy (see simulations by Wagner et al. 2012 and Mukherjee et al. 2016).   
The requirements from the simulations in order to explain the observations are such that the kinetic 
power in the wind has to be a substantial fraction of the available accretion power (Ė /Ledd ∼0.05 - 
0.1, Di Matteo et al. 2005).  Although uncertainties still affect some key parameters of the outflows 
(like e.g. mass, mass outflow rate etc.), the results so far suggest that these requirements are not 
always met. Alternatively, the coupling between the energy released and the surrounding medium has 
to be particularly efficient, i.e. as a consequence of the conditions of the medium. For example, and 
as mentioned above for the case of radio jets, an important factor for the coupling of photons or 
plasma with the multiphase galactic gas is the presence of a clumpy medium with dense clouds 
(Wagner et al. 2012, Bieri et al. 2017). This is important both for radiation-driven as for the jet-
driven outflows (Wagner et al. 2012, 2013).  Furthermore, a “two stage” model has been proposed by 
Hopkins & Elvis (2010) in which the outflow passing over a cold cloud, will be able to affect the 
cloud material and expand it in the direction perpendicular to the outflow direction. This 
shredding/expansion will amplify the effect of the interaction and substantially reduce (i.e. up to an 
order of magnitude) the required energy budget for feedback to affect a host galaxy.  
Finally, connecting outflows observed on different scales, i.e. connecting the inner wind with large-
scale molecular outflows, is important for obtaining a global view of outflows. This has been 
possible so far only for a limited number of objects. These cases suggest that most of the nuclear 
wind kinetic energy produced on the pc scale is transferred to mechanical energy on the kpc scale 
outflow. At least in some cases, the outflow is undergoing an energy conserving expansion (Cicone 
et al. 2014, Tombesi et al. 2015, Stern et al. 2016) although more detailed data are needed to confirm 
this scenario (see e.g. Veilleux et al. 2017).   
5 The variety of outflows through two case studies  
Despite these exciting results, the number of objects where extensive multi-wavelengths data are 
available to characterize the different phases of the outflow is still limited. This is mainly because of 
the time and effort needed to collect data from a variety of (often highly oversubscribed) telescopes. 
Expanding this limited statistic and connecting the different scales and phases of the outflowing gas 
is the goal of many on-going projects.  Below, I summarise the results for two of the best-studied 
objects. They represent cases where, thanks to detailed observations, two different mechanisms for 
driving the outflows have been suggested.  
5.1 The wind-driven outflow in Mrk 231 
Mrk 231 represents one of the best examples of wind-driven outflow and the first case where fast 
outflowing molecular gas was observed (Fisher et al. 2010, Feruglio et al. 2010). Being the nearest 
quasar, it allows a detailed exploration of the physical conditions of the gas in the outflow. A nuclear 
UFO has been observed in X-ray with velocity 20000 km s-1 and mass outflow rate in the range 0.3 - 
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1.6 M⊙ yr-1 (Feruglio et al. 2015). On the sub-kpc scale, an HI outflow of ~1300 km s-1 has been 
detected (Morganti et al. 2016) while the molecular outflow extend to kpc scale with a mass outflow 
rate in the range 500 -1000 M⊙ yr-1   and associated kinetic energy of  Ekin,mol = [7 -10] x 1043 erg s-1 
(Feruglio et al. 2015).  The NaI outflow is the most extended, reaching 3 kpc and mass outflow rate 
of 179  M⊙ yr-1  (Rupke et al. 2011, 2013). This complex outflow is explained as driven by a wide 
angle, wind (see Fig.17 in Feruglio et al. 2015). Although Mrk 231 contains a radio plasma jet and 
radio lobes, the deep and detailed observations available show that the jet power does not seem large 
enough to drive and sustain the outflow. Mrk 231 is one of the few objects where the parameters of 
the outflow on different scales have been connected. Interestingly Ekin,UFO ~ Ekin,mol  as expected for 
outflows undergoing an energy conserving expansion.  Thus, this confirms that most of the UFO 
kinetic energy is transferred to mechanical energy of the kpc-scale outflow (Feruglio et al. 2015).  
5.2 The jet-driven outflow in the Seyfert 2 IC 5063 
IC 5063 represents one of the most radio-loud Seyfert galaxies (albeit still a relatively weak radio 
AGN in a general sense; P1.4 GHz = 3×1023 W Hz−1) and it was the first object where a fast AGN-
driven HI outflow was discovered (Morganti et al. 1998, Oosterloo et al. 2000). The outflow is multi-
phase (including HI, ionized, warm and cold molecular gas, see Morganti et al. 2015 for a summary). 
Although the radio power is actually lower than the one of Mrk 231, the location of the outflow 
suggests that in IC5063 the radio jet is the dominant driving mechanism of the outflow (Tadhunter et 
al. 2014, Morganti et al. 2015a). ALMA observations of the molecular gas show that disturbed 
kinematics of the gas occur across the entire extension of the radio source (~1 kpc, see Fig. 4 left). 
Furthermore, not only the kinematics is affected by the jet but also the excitation of the gas, with the 
outflowing gas having high excitation (with Tex 30-50 K) and optically thin conditions compared to 
the gas in the quiescent disk (see Fig. 4 right; Dasyra et al. 2016, Oosterloo et al. 2017). The mass of 
the cold molecular outflow ~ 1.2 × 106 M
¤
 is much higher than the one associated to warm H2 and to 
ionised gas. This suggests that most of the cold molecular outflow is due to fast cooling after the 
passage of a shock. The mass outflow rate of the cold molecular gas is ~ 4 M
¤
yr-1 (while for the 
ionised gas is ~ 0.08 M
¤
yr-1). In this object, the kinetic power of the outflow appears to be a relative 
high fraction of the nuclear bolometric luminosity. However, the global impact is modest and only a 
small fraction of the outflowing gas may leave the galaxy. The main effect of the outflow is to 
increase the turbulence of the medium and redistribute the gas (see e.g. Guillard et al. 2012, 2015).   
 
Figure 4 – ALMA observations of IC 5063. (Left) integrated position-velocity map of the CO(2-1) along the radio axis of 
IC 5063. The white line indicates the expected kinematics of gas following regular rotation (figure modified from 
Morganti et al. 2015a, reproduced with permission © ESO). (Right) Ratio CO(2-1)/CO(1-0) integrated brightness 
temperatures I (in K kms−1), courtesy of T. Oosterloo. Overplotted are the contours of the 346 GHz continuum emission of 
IC 5063 (see also Oosterloo et al. 2017).  
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6 Summary and conclusions  
As described in this review, there are a variety of ways in which the energy released by the AGN 
affects the surrounding medium.  
On large scales, radio plasma lobes excavate cavities in the hot gas depositing enough energy to 
prevent this large reservoir of gas from cooling. The X-ray cavities are detected in ~50% of galaxy 
clusters, groups and individual galaxies. Some of the gas manages to cool and can be followed to 
trace its interaction with the radio plasma. New exciting possibilities to explore this phenomenon are 
open up by ALMA. The velocities of the cold molecular gas observed so far are not high enough for 
the gas to escape. The gas would fall back, further supporting the (short) duty cycle of activity 
observed especially for radio sources in cool-core clusters (Hogan et al. 2015). 
Closer to the nucleus, outflows are found in a large fraction of AGN while, at the same time, infall is 
also required to maintain the AGN active (Kurosawa et al. 2009): a complex interplay – still to be 
fully disentangled - is occurring in these central regions.  The gas participating to the outflows is 
multi-phase and includes also a cold (HI and cold molecular) component. Thus, different tracers can 
be used to study the physical properties of the outflows and the driving mechanisms. Surprisingly, 
the component of cold molecular gas is often the most massive and, therefore, represents an 
important component for feedback. The mechanism(s) that can produce fast outflows of cold 
(molecular) gas are still uncertain. This gas could be the result of fast cooling after the passage of a 
shock: the cold molecular gas would be the end product of the cooling. However, alternative 
scenarios have been suggested and need to be verified with more data. The kinetic energy of the 
outflows is not always matching the requirements from numerical simulations but more sophisticated 
models of the coupling between the energy and the medium is needed to fully assess the impact. The 
effect of radio jets can be important, also for low power radio sources. Interestingly, the initial phase 
of a radio jet (i.e. in young or restarted radio source) appears to have the largest impact on the 
surrounding gas. Also in the case of the outflows, the gas does not always escape the galaxy:   the 
main effect of the AGN appears to be to inject turbulence and relocate the gas.  
This review has focused on AGN at low redshift. However, the results presented here can provide an 
important reference point for the studies at high-z where the effects of AGN feedback are expected to 
be larger. Interesting results for high redshift objects are now starting to appear (e.g. Carniani et al. 
2017). Finally, this review has focused on negative feedback but positive feedback is also expected to 
occur (see e.g. Maiolino et al. 2017). At low redshift this effect, albeit observed, seems to be limited 
(Santoro et al. 2016 and ref. therein, see also Combes 2017, these Proceedings) but more dedicated 
observations are needed to quantify its importance.  
In summary, the field is expanding extremely rapidly and, thanks to the many upcoming new 
observing facilities, our view of AGN will become increasingly detailed. An even tighter 
collaboration between observers and theorists will be necessary to interpret this wealth of data for  
understanding the complex phenomenon of AGN feedback. 
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